It has been shown in the previous paper that thevisco-elastic response of isolated lungs to ventilation can be studied in a plethysmograph. In this paper the behaviour of lungs from patients with emphysema has been studied in the plethysmograph in the same way.
METHODS
The lungs were removed at necropsy as already described, and after inflation to open up collapsed alveoli and restore the lung volume to about that found during life, the lungs were ventilated in the plethysmograph by means of a hand pump. The arbitrary index of viscous resistance was measured in each case by comparing the response of the lungs to ventilation at 3 and 15 respirations per minute. In some cases the lungs were ventilated with hydrogen as well as air to assess the degree of bronchial obstruction.
The lung volume and mixing efficiency were measured before and after death in a number of patients. At the end of each-experiment the lungs were fixed by pouring formalin down the trachea and examined macroscopically to assess the amount of debris in the bronchial tree. Large sections of the lungs were prepared by the technique of Gough, James, and Wentworth (1949) The significance of these results must be viewed in the light of previous work on the loss of pulmonary elasticity in emphysema. It has been suggested in a previous paper (Mcllroy and Christie, p. 291) that the distensibility of the lungs calculated from the intrapleural pressure swing and tidal air is an index of visco-elastic response and not, as has previously been thought, of true elasticity. The elastic element of the response of the lungs can only be measured in static expzriments in which time is allowed for equilibrium to be reached. It has been shown by Christie (1934) that in emphysema this elastic element may be absent. He found that in a patient with emphysema the intrapleural pressure reverted to atmospheric when the patient held his breath at the end of inspiration. It has been found impossible to carry out repeatable static experiments with emphysematous lungs after death, and the only evidence concerning the elastic recoil has been obtained from measurements of intratracheal pressure on opening the thorax with the lungs in situ. The findings in 10 cases confirm that in emphysema the elastic recoil of the lungs is reduced, but in only two patients was elastic recoil completely absent.
From the experiments with normal lungs it has been suggested (Mcllroy and Christie, p. 291) that an increase in the index of viscous resistance may be considered to indicate a relative decrease in the elastic element of the visco-elastic response of the lungs. The results in patients with emphysema confirm this suggestion and support the view that what has been called "loss of elasticity" in the past is largely an increase in tissue viscous resistance. That there is also an absolute reduction in the elastic element in emphysema cannot be disputed, and this may well be responsible for the increase in lung volume up to the limit of the size of the thorax. Confirmation of this hypothesis on the nature of loss of elasticity may be found by reconsidering the results reported in a previous paper (Christie, 1934) It is possible to explain some of the disturbances in pulmonary function in emphysema on the basis of an increase in viscous resistance. Reduction in maximal breathing capacity may in part be due to the patient's inability to increase the rate and depth of breathing without greatly increasing the work done against viscous resistance. Similarly the reduction in tidal air on hyperventilation sometimes seen in patients with emphysema may be due to an increase in viscous resistance with more rapid breathing.
From our results it is also possible that the amount of work done in ventilation may be raised even with quiet breathing, for the high viscous resistance encountered more than balances any decrease in elastic resistance. This increase in work may well be a factor in the production of dyspnoea. It must be stressed that increased viscous resistance during life shows up not as a delay in the response of the lungs but as an increase in the pressure swing necessary to produce a given change in volume in a given time. It is, however, feasible that the tendency of the lungs to lag behind the change in intrapleural pressure may increase the strain on the surface of the lung and be a factor in the production of bullae.
SUMMARY
The visco-elastic properties of the lungs of 10 patients with emphysema have been studied on ventilation in a plethysmograph after death.
The values for lung volume and mixing efficiency measured after death are of the same order as those obtained during life.
The viscous resistance to ventilation is increased in emphysematous lungs.
It is shown by exp_riments using hydrogen that the increase in viscous resistance in emphysema is due principally to changes in the lungs and not to bronchial obstruction.
The significance of these conclusions in relation to impairment of pulmonary function in emphysema is discussed.
